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(57) ABSTRACT 

The invention relates to a DC/DC converter circuit including 
a voltage conversion circuit and a regulator circuit compris 
ing a reference voltage generator circuit and a comparator 
Which outputs a control signal for activating/deactivating the 
voltage conversion circuit as a function of the output load of 
the converter circuit. The converter circuit additionally 
comprises a circuit for signaling the regulator circuit 
ON/OFF comprising a comparator, at the ?rst input of Which 
a further voltage characterizing the output voltage and, at the 
second input of Which a voltage at a capacitor is applied, and 
a control circuit comprising switches Which during the ON 
time of the regulator circuit control the capacitor so that it is 
charged to a voltage Which differs by a predetermined 
amount from the voltage characterizing the output voltage, 
and When it has attained the design value it signaling the 
regulator circuit OFF and separating the capacitor from the 
charging voltage, the comparator outputting a signal to the 
control circuit When the further voltage characterizing the 
output voltage and the voltage across the capacitor agree, 
resulting in the regulator circuit being returned ON. 
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DC/DC CONVERTER CIRCUIT 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to a DC/DC converter circuit 
including a voltage conversion circuit Which in active opera 
tion is able to convert the input voltage of the DC/DC 
converter circuit into an output voltage of the DC/DC 
converter circuit differing from the input voltage, a regulator 
circuit for regulating the output voltage to a predetermined 
design value, the regulator circuit comprising a reference 
voltage generator circuit and a comparator, at the ?rst input 
of Which a voltage characteriZing the output voltage and, at 
the second input of Which the reference voltage generated by 
the reference voltage generator circuit is available and Which 
outputs a control signal for activating/deactivating the volt 
age conversion circuit as a function of MIN/MAX violation 
of the design value by the output voltage. 

[0002] One such DC/DC converter circuit is knoWn from 
prior art and reads eg from the background description of 
the US. Pat. No. 5,680,300 (“Regulated charge pump 
DC/DC converter”). The voltage conversion circuit of the 
described DC/DC converter circuit comprises a charge 
pump circuit. 

[0003] One disadvantage of the circuit as described at the 
outset is that When the current requirement at the output of 
the circuit is relatively small or Zero, eg in standby opera 
tion, a relatively large current consumption materialiZes. 
This is due to the fact that the regulator circuit itself, i.e. the 
reference voltage generator circuit and the comparator con 
tinue to consume current. When a bandgap reference is used 
as the reference voltage generator circuit a voltage divider 
may furthermore be provided Which divides from the output 
voltage a voltage Which is adapted to the reference voltage 
and applied to the ?rst input of the comparator as the voltage 
characteriZing the output voltage. The voltage divider too 
consumes current When the DC/DC converter circuit is on 
standby. 
[0004] To reduce the standby current consumption of such 
circuits, i.e. When the output of the circuit has no or very 
little current consumption, a DC/DC converter circuit is 
proposed by Linear Technology in its DC/DC converter 
LTC1516 in Which a change is made from standby to normal 
operation by a signal applied to the circuit from Without. 
This circuit Was described on the homepage of Linear 
Technology available e. g. on Jun. 10, 2000 under the address 
“WWW.linear-tech.com”. The signal for making the change 
from standby to normal operation is furnished to the DC/DC 
converter circuit by a microprocessor. In this arrangement an 
ON pin of the circuit receives during standby a signal With 
a high duty cycle (eg 95 to 98%) adapted to the maX. 
standby current of eg 100 pA as established prior by 
relating the maX. permissible OFF time for this standby 
current to the min. ON time in determining the duty cycle. 
When the ON time is eg 0.2 ms and the maX. permissible 
OFF time is 10 ms the circuit consumes current only during 
2% of the ON time during standby as compared to normal 
operation. 
[0005] One disadvantage of the circuit as described is that 
it cannot automatically make the changeover betWeen nor 
mal operation and standby. Another disadvantage is that 
during standby the ON/OFF ratio is ?xed and not adapted to 
the actual current consumption required at the output of the 
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DC/DC converter circuit at any one time Which results in a 
relatively high standby current consumption of the DC/DC 
converter circuit. 

[0006] Referring noW to FIG. 1 there is illustrated by Way 
of a block diagram a prior art DC/DC converter circuit 
Wherein the modules 1, 2, 3, 4 and 5 usually grouped 
together into an integrated circuit are illustrated boXed. 

[0007] The knoWn DC/DC converter circuit comprises a 
voltage conversion circuit Which in this case consists of a 
charge pump circuit. The charge pump circuit consists of a 
charge pump capacitor Cpump, an output stage 1 comprising 
the controllable sWitches of the charge pump and connected 
to the input voltage Vcc of the circuit, and a control circuit 
2 including oscillator and driver for signaling the control 
lable sWitches Which may be MOS-FETs, for eXample. The 
control circuit 2 receives its current from the input voltage 
source Vcc. In active operation the control circuit 2 controls 
the sWitches of the charge pump circuit cyclically so that the 
charge pump capacitor is ?rstly sWitched in a ?rst phase so 
that it is charged to the input voltage Vcc of the DC/DC 
converter circuit and then in a second phase is sWitched so 
that it is in series With the input voltage Vcc so that at the 
output of the circuit a voltage materialiZes Which is higher 
than the input voltage Vcc and at the most may correspond 
to roughly tWice the input voltage Vcc. Such charge pump 
circuits capable of converting an input voltage into a higher, 
loWer or inverted voltage at the output are knoWn in prior art 
as described eg in the teXt book “The art of electronics” by 
Paul HoroWitZ and Winfried Hill, 2nd edit., Cambridge 
University Press, 1989, page 377 et seq. 

[0008] The knoWn DC/DC converter circuit comprises 
furthermore at the output a storage capacitor Cout on Which 
the output voltage Vout of the circuit is stored. Connected in 
parallel thereto is a resistor R1 indicated in FIG. 1 symbol 
iZing the load applied to the output of the DC/DC converter 
circuit. 

[0009] In addition, the knoWn DC/DC converter circuit 
comprises a regulator circuit consisting of a comparator 3, a 
bandgap reference voltage generator circuit 4 and a voltage 
divider 5. 

[0010] In this arrangement the comparator 3 receives at its 
?rst input 6 part of the output voltage Vout of the DC/DC 
converter circuit divided by the voltage divider adapted to 
the reference voltage Vref generated by the bandgap refer 
ence voltage generator circuit applied to the second input 7 
of the comparator. 

[0011] The comparator, Whose output is connected to the 
control circuit 2, regulates the output voltage of the DC/DC 
converter circuit by the skip-mode principle to a predeter 
mined design value by it outputting a control signal to 
activate, and a control signal to deactivate, the voltage 
conversion circuit (1, 2, Cpump) as a function of MAX/MIN 
violation of the design value by the output voltage Vout of 
the DC/DC converter circuit so that the charge pump circuit 
is only ON in MIN violation of the predetermined design 
value by the output voltage Vout. 

[0012] As already described in the background descrip 
tion, the circuit as shoWn in FIG. 1 has the disadvantage that 
it has a relatively high current consumption since the regu 
lator circuit is also ON When the circuit is on standby, it 
being the comparator in actual practice Which consumes the 
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most current (e.g. Icc=20 MA) followed by the reference 
voltage generator circuit (e.g. Icc=10 MA) and the voltage 
divider (e.g. Icc=6 MA) . 

SUMMARY OF THE INVENTION 

[0013] The objective of the present invention is to provide 
a DC/DC converter circuit Which overcomes the cited dis 
advantages and features a loWer standby current consump 
tion as compared to prior art circuits of this kind. 

[0014] This objective is achieved by a DC/DC converter 
circuit as cited at the outset in Which the DC/DC converter 
circuit additionally comprises a circuit for signaling the 
regulator circuit ON/OFF comprising a comparator, at the 
?rst input of Which a further voltage characteriZing the 
output voltage and, at the second input of Which a voltage at 
a capacitor is applied, and a control circuit comprising one 
or more controllable sWitches, the control circuit receiving 
the control signal of the comparator of the regulator circuit 
and the output signal of the comparator of the circuit for 
signaling the regulator circuit ON/ OFF as Well as outputting 
a signal(s) for controlling the sWitch(es) during the ON time 
of the regulator circuit controlling the sWitch(es) so that the 
capacitor is connected by a voltage de?ned by the regulator 
circuit so that it is charged to a voltage Which differs by a 
predetermined amount from the voltage characteriZing the 
output voltage, and When it is signaled by the comparator of 
the regulator circuit that the voltage has attained the design 
value it outputting the signal for signaling OFF the regulator 
circuit and controlling the sWitch(es) so that the capacitor is 
separated from the charging voltage so that it is gradually 
discharged, the comparator of the circuit for signaling the 
regulator circuit ON/OFF outputting a signal to the control 
circuit When the further voltage characteriZing the output 
voltage and the voltage across the capacitor agree, resulting 
in the control circuit being prompted to output the signal for 
signaling the regulator circuit ON. 

[0015] The invention achieves a considerable reduction in 
the standby current consumption by it ?rstly signaling all 
current consumers of the regulator circuit OFF as soon as the 
design value at the output of the DC/DC converter circuit is 
attained. Once the regulator circuit has been signaled OFF, 
monitoring the output voltage is handled by the circuit for 
signaling the regulator circuit ON/OFF, the comparator of 
Which receives—unlike the comparator of the regulator 
circuit—no absolutely precise reference voltage, but instead 
a voltage brie?y applied to the capacitor and de?ned by the 
regulator circuit With sufficient accuracy at an output Which 
differs by a predetermined amount from the voltage applied 
to its other input and characteriZing the momentary output 
voltage. In this arrangement the voltage across the capacitor 
is alWays refreshed Whenever the comparator of the circuit 
for signaling the regulator circuit ON/OFF outputs the ON 
signal. On standby the circuit in accordance With the inven 
tion adapts the standby current consumption of the circuit 
dynamically to the output current required at the output of 
the DC/DC converter circuit. This enables the DC/DC 
converter circuit in accordance With the invention, unlike 
prior art circuits of the kind, to signi?catly reduce the 
standby current consumption of the circuit simply and 
efficiently. 

[0016] Advantageous further embodiments of the inven 
tion are characteriZed in the sub-claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The invention Will noW be detailed by Way of 
eXamples With reference to the draWings in Which: 

[0018] FIG. 1 is block diagram of a prior art DC/DC 
converter circuit; 

[0019] FIG. 2 is a block diagram of a ?rst embodiment of 
the DC/DC converter circuit in accordance With the inven 
tion: 

[0020] FIG. 3 is a circuit diagram of a circuit for signaling 
the regulator circuit ON/ OFF of the DC/DC converter circuit 
as shoWn in FIG. 2; 

[0021] FIG. 4 is a single-line diagram of the circuit as 
shoWn in FIG. 3 to assist in explaining hoW it Works; and 

[0022] FIG. 5 is a plot of the output voltage of the DC/DC 
converter circuit as Well as of the voltages applied to the tWo 
inputs of the comparator of the circuit for signaling the 
regulator circuit ON/OFF With time to assist in explaining 
hoW it Works. 

DETAILED DESCRIPTION 

[0023] Referring noW to FIG. 2 there is illustrated in a 
block diagram one embodiment of a DC/DC converter 
circuit in accordance With the invention. Since the majority 
of the components of this embodiment of the DC/DC 
converter circuit in accordance With the invention is the 
same as those as shoWn in FIG. 1 only the components and 
connections Will be described Which are neW as compared to 
the circuit as shoWn in FIG. 1. 

[0024] The DC/DC converter circuit as shoWn in FIG. 2 
comprises a circuit 13 Which is the circuit for signaling the 
regulator circuit ON/OFF. In this arrangement the output 15 
of the circuit 13 for signaling the regulator circuit ON/OFF 
is connected to the individual elements 3, 4 and 5 of the 
regulator circuit as Well as to the control circuit 2. The circuit 
13 for signaling the regulator circuit ON/OFF signals the 
regulator circuit, ie the comparator 2, the bandgap refer 
ence voltage generator circuit 4 and the voltage divider 5 
OFF When the DC/DC converter circuit is on standby, ie 
when the output voltage Vout violates the design value 
MAX. Optionally the voltage conversion circuit (control 
circuit 2) may also be signaled OFF, meaning in this case 
separated from the supply voltage Vcc (or from the output 
voltage Vout at the voltage divider 5) While signaling ON 
being understood to mean the reconnection to the supply 
voltage Vcc (or to the output voltage Vout at the voltage 
divider 5). 

[0025] During standby When a loW output current is 
required, the circuit 13 for signaling the regulator circuit 
ON/OFF handles monitoring the output voltage Vout of the 
DC/DC converter circuit, it receiving for this purpose at an 
input 14 the output voltage Vout of the DC/DC converter 
circuit. It furthermore receives at a further input 16 from the 
comparator 3 of the regulator circuit the control signal 
indicating Whether the output voltage Vout is in MAX or 
MIN violation of the design value. The regulator circuit can 
only be signaled OFF When this signal indicates that the 
output voltage is in MAX violation of the design value. The 
circuit 13 for signaling the regulator circuit ON/OFF com 
prises optionally a further input via Which a microprocessor 
(up) can input a control signal, the function of Which Will be 
described later. 



US 2002/0017898 A1 

[0026] Referring noW to FIG. 3 there is illustrated by Way 
of example a possible con?guration of the circuit 13 for 
signaling the regulator circuit ON/OFF as shoWn in FIG. 2. 
The function of the individual MOS-FETs as shoWn in FIG. 
3 is evident from the circuit diagram as shoWn in FIG. 4 in 
Which the MOS-FETs are replaced by components satisfying 
their function. 

[0027] Referring noW to FIGS. 3 and 4 the con?guration 
of the circuit 13 for signaling the regulator circuit ON/OFF 
in accordance With the invention Will noW be detailed. 

[0028] The circuit 13 comprises a comparator 20 made up 
of tWo P MOS-FETs MP2 and MP3 at the gates of Which the 
voltages to be compared are applied, a current mirror 
comprising N MOS-FETS MN2 and MN3 and a current 
source formed by P MOS-FET MP4 Which determines the 
current consumption of the comparator 20. Since the func 
tion of a comparator 20 as shoWn in FIG. 3 is knoWn from 
prior art this is not detailed in the folloWing. 

[0029] The source of the P MOS-FET MP4 forming the 
current source of the comparator 20 is connected to the 
output voltage Vout of the DC/DC converter circuit, its drain 
to the sources of the P MOS-FETs MP2 and MP3, its gate 
to ground and its substrate to the output voltage Vout. 

[0030] The drain of the P MOS-FET MP2 is connected to 
the drain of the N MOS-FET MN2 and its substrate to the 
output voltage Vout. The drain of the P MOS-FET MP3 is 
connected to the drain of the N MOS-FET MN3 and its 
substrate to the output voltage Vout. 

[0031] The sources and substrates of the tWo N MOS 
FETs MN2 and MN3 forming the current mirror are con 
nected to ground While their gates are connected to each 
other. Gate and source of the N MOS-FET MN3 are con 
nected to each other. 

[0032] Diodes MP6 and MP8 formed by P MOS-FETs are 
provided for setting the Working point of the comparator 20. 
In this arrangement the sources and the substrates of the 
diodes MP6 and MP8 are connected to the output voltage 
Vout While their gates are connected to the corresponding 
drains. The diodes MP8 and MP6 formed by the P MOS 
FETs are identi?ed D1 and D2 respectively in FIG. 4. 

[0033] The gates of the P MOS-FETs MP2 and MP3 form 
the differential inputs of the comparator and each is con 
nected to a MOS-FET (MN1 or MP1 in FIG. 3; C2 and C1 
respectively in FIG. 4) functioning as a capacitor. 

[0034] In this arrangement source, drain and substrate of 
the N MOS-FET MN1 forming the capacitor C2 are con 
nected to ground While its gate is connected to the gate of the 
P MOS-FET MP2, i.e. the one differential input of the 
comparator 20. 

[0035] Source, drain and substrate of the P MOS-FET 
MP1 forming the capacitor C1 are connected to the output 
voltage Vout While its gate is connected to the gate of the P 
MOS-FET MP3, i.e. the other differential input of the 
comparator 20. 

[0036] MOS-FETs MN5, MP9 (S2, S1 in FIG. 4) and 
MN4, MP7 (S4, S3 in FIG. 4) form sWitches With Which the 
nodal points Kvdiff (gate of the N MOS-FET MN1 acting as 
C2 and gate of the P MOS-FET MP2 (?rst differential input 
of the comparator 20)) and Kvout (gate of the P MOS-FET 
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MP1 acting as C1 and gate of the P MOS-FET MP3 (second 
differential input of the comparator 20)) can be isolated. All 
four sWitches MN5, MP9, MN4 and MP7 are controlled by 
a control circuit 17 Which in the example embodiment as 
shoWn in FIG. 3 consists of a ?ip-?op circuit (e.g. RS 
?ip-?op). 
[0037] The four sWitches are circuited as folloWs: the 
source of the P MOS-FET MP7 is connected to the drain of 
the P MOS-FET MP6, its drain is connected via a resistor R 
to the gate of the N MOS-FET MN1 acting as capacitor C2, 
its substrate is connected to the output voltage Vout and its 
gate to the output 32 of the control circuit 17. 

[0038] The source of the N MOS-FET MN4 is connected 
via the current source I1 to ground, its drain is connected to 
the gate of the P MOS-FET MP2, its substrate is connected 
to its source and its gate to the output 31 of the control circuit 
17 . 

[0039] The source of the P MOS-FET MP9 is connected to 
the drain of the P MOS-FET MP8, its drain to the gate of the 
P MOS-FET MP3, its substrate to the output voltage Vout 
and its gate to an output 32 of the control circuit 17. 

[0040] The source of the N MOS-FET MN5 is connected 
via the current source I2 to ground, its substrate to its source 
and its gate to the output 31 of the control circuit 17. 

[0041] The P MOS-FET MP5, Whose source and substrate 
are connected to the output voltage Vout and Whose gate is 
connected to the drain, Which is in turn connected to the 
circuit point Kvdiff serves to set a precisely de?ned leakage 
current betWeen Vout and the circuit point Kvdiff (gate of the 
N MOS-FET MN1 acting as capacitor capacitor C2 and gate 
of the P MOS-FET MP2 (?rst differential input of the 
comparator 20)). 
[0042] The output 21 of the comparator 20 is connected to 
an inverting ampli?er 19 Which is supplied by the output 
voltage Vout, at the output of Which a signal is generated 
Which is used to signal the regulator circuit ON as detailed 
beloW. 

[0043] The output of the inverting ampli?er 19 is con 
nected to an input 33 of the ?ip-?op (RS ?ip-?op) forming 
the control circuit 17. At the other input 34 of the ?ip-?op 
of the control circuit 17 the control signal (16 in FIG. 2) 
furnished by the comparator 3 of the regulator circuit is 
applied, indicating MAX/MIN violation of the design value 
by the output voltage Vout of the DC/DC converter circuit. 

[0044] The function of the circuit 13 as shoWn in FIGS. 3 
and 4 as Well as the DC/DC converter circuit as shoWn in 
FIG. 2 Will noW be detailed. 

[0045] It is ?rstly assumed to simplify the description that 
the control circuit 17 has just output an ON signal 18 to 
signal the regulator circuit ON (the conditions under Which 
this ON signal is output and hoW it is generated is explained 
further on). 

[0046] The ON signal 18 is output When at the set input (S) 
of the control circuit 17 a signal from the comparator of the 
circuit for signaling the regulator circuit ON/OFF is fur 
nished as explained beloW. 

[0047] This results in the signals at the tWo outputs (Q and 
Qquer) of the ?ip-?op 17 changing for control of the 
aforementioned sWitches, i.e. signaling MN4 (S4), MP7 
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(S3), MP9 (S1) and MN5 (S2) ON, as a result of Which the 
tWo capacitors C1 (MP1) and C2 (MN1) are charged. 

[0048] In this arrangement the capacitor C2 (MN1)— 
When the output voltage of the converter has reattained its 
design value—is charged to a voltage 

VC2=Vout(des)—Vgs-Vout (1) 

[0049] Where Vout(des) is the voltage just set by the 
regulator circuit to its design value Vout(des), Vgs is the 
drop in voltage across the diode D2 (MP6) and Vout (=R*I) 
is the drop in voltage across the predetermined resistor R. 
The voltage VC2 is applied to the ?rst input (KVdiff) of the 
comparator 20 of the circuit 13 for signaling the regulator 
circuit ON/OFF. 

[0050] The capacitor C1 (MP1) is simultaneously charged 
to a voltage 

VC1=Vout-Vgs (2) 

[0051] assuming that MOS diodes D1 and D2 (MP8 and 
MP6 respectively) are the same so that the drop in voltage 
across them is identical. The voltage VCl is applied to the 
second input (KVout) of the comparator 20. 

[0052] The difference in the input voltages of the com 
parator 20 at the end of the charging phase is VC2—VC1= 
Voff Which can be set by correspondingly setting the resistor 
R to a desired value. 

[0053] When the regulator circuit is signaled ON, a dis 
tinction is made betWeen tWo possible resulting cases: 

[0054] In the ?rst case, the output voltage Vout of the 
DC/DC converter circuit is still in MAX violation of its 
design value When the regulator circuit is signaled ON so 
that there is no need to activate the charge pump. A (not 
shoWn) ?rst delay circuit (eg an RC pad) connected to the 
comparator of the regulator circuit ensures that the com 
parator does not output a control signal (Which is passed on 
to the input R of the ?ip-?op 17) to the output until timeout 
of a ?rst delay time (e. g. 30 microsecs) . This ?rst delay time 
serves to make sure that the elements important for regula 
tion have settled doWn to permit a sensible voltage com 
parison by the comparator of the regulator circuit and, on the 
other hand, ensuring in the ?rst case that suf?cient time is 
available to fully charge the capacitors to the desired volt 
ages. 

[0055] The comparator 3 of the regulator circuit then 
outputs its control signal Which is passed on to the input R 
of the ?ip-?op 17 of the control circuit, as a result of Which 
the signals change state at the outputs of the ?ip-?op (Q and 
Qquer) and the MOS-FET sWitches MN4 (S4), MP7 (S3), 
MP9 (S1) and MN5 (S2) are signaled OFF so that the tWo 
inputs (KVdiff, KVout) of the comparator 20 are isolated. At 
the same time the OFF signal 18 is directed from the output 
Q of the ?ip-?op to the regulator circuit. This OFF signal is 
applied to the comparator 3, the reference voltage generator 
circuit 4, the voltage divider 5 and to the control circuit 2 
signaling them OFF (eg by activating sWitches not shoWn). 

[0056] In the second case When the DC/DC converter 
circuit is signaled ON the output voltage is in MIN violation 
of its design value so that on timeout of the ?rst delay time 
the comparator of the regulator circuit “sees” that 
Vout<Vdes, it then outputting a control signal to the control 
circuit 2 of the charge pump, activating the charge pump. 
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Once the design value of the output voltage has been 
reattained by pump operation a second (likeWise not shoWn) 
delay circuit in connection With the comparator on timeout 
of a second delay time (eg 3-5 microseconds) ensures that 
the charge pump continues to output to make sure that the 
capacitors can be fully recharged to their desired values as 
stated above. 

[0057] On timeout of this second delay time the compara 
tor 3 of the regulator circuit again outputs its control signal 
Which is directed to the input R of the ?ip-?op 17 of the 
control circuit, resulting in the signals changing state at the 
outputs of the ?ip-?op (Q and Qquer) and the MOS-FET 
sWitches MN4 (S4), MP7 (S3), MP9 (S1) and MN5 (S2) 
being signaling OFF so that the tWo inputs (KVdiff, KVout) 
of the comparator 20 are isolated. At the same time the OFF 
signal 18 is directed from the output Q of the ?ip-?op to the 
regulator circuit. This OFF signal is applied to the compara 
tor 3, to the bandgap reference voltage generator circuit 4, to 
the voltage divider 5 and to the control circuit 2 signaling 
them OFF (eg by activating sWitches not shoWn). 

[0058] Due to capacitors C1 and C2 being charged a 
voltage difference appears at the inputs of the comparator 
20. 

[0059] Ignoring, for the time being, the leakage current via 
the MOS-FET MP5 the voltage at the ?rst input (KVdiff) of 
the comparator 20 Would tend to remain during the OFF time 
of the regulator circuit at the value Vout(des)-Vgs —Voff 
While the voltage at the second input (KVout) of the com 
parator 20 Would amount to Vout-Vgs. Since the voltage at 
the ?rst input (KVdiff) is capacitively coupled to ground and 
the voltage at the second input (KVout) is capacitively 
coupled to the actual output voltage Vout a reduction in the 
actual output voltage Vout by more than the voltage differ 
ence Voff Would change the level of the output signal of the 
comparator 20 so that at the output a signal Would be output 
Which attains via the inverting ampli?er 19 the S input of the 
?ip-?op of the control circuit 17 and by Which the output 
level changes ultimately at the outputs Q and Qquer of the 
?ip-?op, resulting in the output Q of the ?ip-?op outputting 
an ON signal to reactivate the regulator circuit (comparator 
3, bandgap reference voltage generator circuit 4), i.e. it 
Would reconnect the voltage divider 5 to the voltage supply 
Vout. In the embodiment as shoWn in FIG. 2 the control 
circuit 2 including the oscillator and drivers Would then be 
returned ON, i.e. connected to the voltage supply Vcc. 

[0060] Since in generating the output signal of the com 
parator of the circuit for signaling the regulator circuit 
ON/OFF applied to the S input of the ?ip-?op of the control 
circuit 17 the tWo output signals Q and Qquer of the ?ip-?op 
change state, at the same time as the regulator circuit is 
signaled ON also the voltage is rendered actual across the 
capacitors C1 and C2 by the sWitches S1 to S4 being closed 
by the control signal in the Way as described above. The 
Whole sequence is then cycled aneW. 

[0061] The leakage current IL not taken into account 
hitherto in ?oWing through the MOS-FET MP5 is needed to 
force the leakage current—automatically occurring at the 
tWo capacitively coupled inputs KVdiff and KVout of the 
comparator 20 of the circuit 13 for signaling the regulator 
circuit ON/OFF—in the right direction. In this arrangement 
the leakage current ?oWing via MP5 is set so that it 
dominates in amount over the leakage currents (“junction 
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leakages”) automatically occurring at the inputs of the 
comparator 20 to thus prevent an undesirable runaWay of the 
voltage divider betWeen the capacitors C1 and C2 Which in 
a Worst case could result in the regulator circuit not being 
returned ON. The de?ned leakage current thus ensures a 
recycled return ON of the regulator circuit as shoWn in FIG. 
5. 

[0062] Referring noW to FIG. 5 there is illustrated in the 
upper half the pro?le of the output voltage Vout of the 
DC/DC converter circuit for tWo different standby currents 
(100 pA and 250 MA) at the output of the DC/DC converter 
circuit. The plot in the loWer half of FIG. 5 depicts the 
pro?les of the capacitor voltages Vc1 and Vc2 applied to the 
tWo inputs of the comparator 20 of the circuit 13 for 
signaling the regulator circuit ON/OFF, Vc1 being the 
voltage across the capacitor C1. The voltage Vc1 runs 
parallel to the output voltage Vout. The pro?le of the voltage 
Vc2 across the capacitor C2 is de?ned by the leakage current 
IL ?oWing via the MOS-FET MP5, this leakage current IL 
forcing the voltage Vc2 to gradually approach the voltage 
Vc1 characteriZing the output voltage Vout in time to thus 
prevent runaWay of the voltages Vc1 and Vc2 and an 
unde?ned status of the circuit. 

[0063] Just before the point in time t1 as shoWn in FIG. 5 
the tWo voltages Vc1 and Vc2 respectively across the 
capacitors C1 and C2 respectively agree so that the com 
parator 20 outputs a signal by Which then via the control 
circuit 17 in the Way as described above the regulator circuit 
(or the voltage conversion circuit) is returned ON. If the 
output voltage has since violated its MIN design value the 
charge pump is “jogged” by the comparator 3 and control 
circuit 2 in the Way as described above and pump-charges 
the output capacitor Cout until the design value is reattained. 
In this arrangement the sWitches S1 to S4 remain ON until 
timeout of the delay time so that the capacitors C1 and C2 
are charged. The capacitors C1 and C2 then reattain their 
starting status (see above equations (1) and at the point 
in time t1 as shoWn in FIG. 5, the voltage difference Voff 
appearing at the inputs of the comparator 20 of the regulator 
circuit. The regulator circuit is then returned OFF by the 
comparator 3 of the regulator circuit in cooperation With the 
control circuit 17 and the Whole sequence is recycled. 

[0064] It may be, as described above, that there is no need 
to signal the charge pump ON once the regulator circuit has 
been signaled ON by the circuit 13, because the output 
voltage Vout is still in MAX violation of the design value. 
In this case—as described above—only the capacitors C1 
and C2 are recharged to their de?ned voltages Vc1 and Vc2 
respectively, Without the charge pump being activated. 

[0065] The DC/DC converter circuit in accordance With 
the invention is capable of dynamically adapting the standby 
current consumption to the standby load current required at 
the output of the DC/DC converter circuit at any one time, 
as evident from the right-hand portion of the FIG. 5. If the 
standby load current increases (in FIG. 5 from 100 pA to 
250 MA) the capacitor C1 discharges quicker so that the ON 
frequency of the regulator circuit (see ON points in time t2 
to t6 in FIG. 5) increases. The DC/DC converter circuit in 
accordance With the invention is thus able to automatically 
set an optimal ON frequency for each standby current 
hitherto not possible in prior art DC/DC converter circuit of 
this kind. In this arrangement the ON frequency is preferably 
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proportional to the standby current, signaling the regulator 
circuit ON being assured not only on a linear drop in the 
output voltage Vout but also on a sudden drop in the output 
voltage Vout. 

[0066] The comparator 20 of the circuit 13 for signaling 
the regulator circuit ON/ OFF is preferably con?gured so that 
its current consumption is substantially less than that of the 
comparator 3 of the regulator circuit, eg in the ratio 20 pA 
to 100 MA. In designing the comparator 20 in actual practice 
a compromise needs to be made betWeen the sWitching 
speed of the comparator and current consumption, ie the 
faster the comparator needs to be, the higher its current 
consumption. 

[0067] The DC/DC converter circuit in accordance With 
the invention is preferably con?gured as an integrated 
circuit. 

[0068] Furthermore, as a rule it includes a start-up circuit, 
not described above, Which ensures that the capacitors of the 
circuit 13 for signaling the regulator circuit ON/OFF are 
charged for the ?rst time When the DC/DC converter circuit 
is signaled ON. 

[0069] As already described activating and deactivating 
the circuit 13 for signaling the regulator circuit ON/OFF 
may also be microprocessor-controlled independently of the 
actual output voltage Vout of the DC/DC converter circuit 
(see in this respect the microprocessor input up as shoWn in 
FIG. 2) activated by a key strike, eg as in the case of a 
mobile telephone in When the user strikes a key the micro 
processor is sWitched from a standby mode for monitoring 
the output voltage in the circuit 13 for signaling the regulator 
circuit ON/OFF and the regulator circuit is mostly OFF to an 
active mode in Which the regulator circuit itself monitors the 
output voltage Vout. 

[0070] The DC/DC converter circuit in accordance With 
the invention may be integrated in a DC/DC converter. It 
may also be integrated furthermore in a battery. 

[0071] The person skilled in the art Will readily appreciate 
that the embodiments as described above have been selected 
merely by Way of eXample and that many other embodi 
ments are feasible Within the scope of the attached claims. 

[0072] Thus, the voltage conversion circuit must not nec 
essarily consist of a charge pump circuit, it may include any 
voltage conversion circuit Which is alternatingly signaled 
ON/OFF as a function of the status of the output voltage 
Vout of the DC/DC converter circuit, eg it may also be an 
inductive converter circuit. 

[0073] It is furthermore obvious that the voltage to Which 
the capacitor of the circuit 13 for signaling the regulator 
circuit ON/OFF is charged, carrying a voltage differing by a 
speci?c amount from the further voltage characteriZing the 
output voltage, need not be necessarily the output voltage of 
the DC/DC converter circuit de?ned by the regulator circuit. 
For eXample it could also be the reference voltage generated 
by the reference voltage generator circuit or a voltage 
generated therefrom. The only thing important is that the 
regulator circuit is made use of to de?ne the voltage across 
one of the capacitors of the circuit 13 for signaling the 
regulator circuit ON/ OFF, after Which it is signaled OFF and 
the capacitor carrying this voltage serves during the OFF 
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status of the regulator circuit to take over the function of a 
reference voltage source in the circuit 13 for signaling the 
regulator circuit ON/OFF. 

1. A DC/DC converter circuit including a voltage conver 
sion circuit Which in active operation is able to convert the 
input voltage of said DC/DC converter circuit into an output 
voltage of said DC/DC converter circuit differing from said 
input voltage, a regulator circuit for regulating said output 
voltage to a predetermined design value, said regulator 
circuit comprising a reference voltage generator circuit and 
a comparator, at the ?rst input of Which a voltage charac 
teriZing said output voltage and, at the second input of Which 
the reference voltage generated by said reference voltage 
generator circuit is available and Which outputs a control 
signal for activating/deactivating said voltage conversion 
circuit as a function of MIN/MAX violation of the design 
value by said output voltage Wherein said DC/DC converter 
circuit additionally comprises a circuit for signaling said 
regulator circuit ON/OFF comprising a comparator, at the 
?rst input of Which a further voltage characterizing said 
output voltage and, at the second input of Which a voltage at 
a capacitor is applied, and a control circuit comprising one 
or more controllable sWitches, said control circuit receiving 
said control signal of said cornparator of said regulator 
circuit and said output signal of said cornparator of said 
circuit for signaling the regulator circuit ON/OFF as Well as 
outputting a signal(s) for controlling the sWitch(es) during 
the ON time of said regulator circuit controlling the 
sWitch(es) so that said capacitor is connected by a voltage 
de?ned by said regulator circuit so that it is charged to a 
voltage Which differs by a predetermined amount from said 
voltage characteriZing the output voltage, and When it is 
signaled by said cornparator of said regulator circuit that the 
voltage has attained the design value it outputting the signal 
for signaling said regulator circuit OFF and controlling said 
sWitch(es) so that said capacitor is separated from the 
charging voltage so that it is gradually discharged, said 
cornparator of said circuit for signaling said regulator circuit 
ON/ OFF outputting a signal to said control circuit When said 
further voltage characteriZing said output voltage and the 
voltage across said capacitor agree, resulting in said control 
circuit being prompted to output the signal for signaling said 
regulator circuit ON. 

2. The circuit as set forth in claim 1 Wherein said capacitor 
is connected to a current path via Which a predetermined 
leakage current from said capacitor can How so that the 
voltage applied thereto approaches during discharge of said 
capacitor said further voltage characteriZing said output 
voltage de?ned in time. 

3. The circuit as set forth in claim 2 Wherein said leakage 
current is selected so that it dorninates said junction leakages 
autornatically occurring at the inputs of said cornparator of 
said circuit for signaling said regulator circuit ON/OFF. 

4. The circuit as set forth in any of the claims 1 to 3 
Wherein said voltage conversion circuit consists of a charge 
pump circuit. 

5. The circuit as set forth in claim 4 Wherein said charge 
pump circuit comprises one or more charge pump capaci 
tors, controllable sWitches being connected to said charge 
pump capacitor(s) and a control circuit including an oscil 
lator for controlling said sWitches so that said input voltage 
is converted into said output voltage differing from said 
input voltage. 
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6. The circuit as set forth in any of the claims 1 to 3 
Wherein said voltage conversion circuit consists of an induc 
tive converter circuit. 

7. The circuit as set forth in any of the preceding claims 
Wherein a voltage divider is provided to divide said voltage 
characteriZing said output voltage as applied to the ?rst input 
of said cornparator of said regulator circuit from said output 
voltage so that said output voltage is adapted to said refer 
ence voltage generated by said reference voltage generator 
circuit. 

8. The circuit as set forth in claim 7 Wherein said signal 
for signaling said regulator circuit OFF is also used to 
separate said voltage divider from said output voltage, said 
voltage divider being reconnected to said output voltage by 
said ON signal. 

9. The circuit as set forth in any of the preceding claims 
Wherein said reference voltage generator circuit is a bandgap 
reference. 

10. The circuit as set forth in any of the preceding claims 
Wherein said cornparator of said circuit for signaling the 
regulator circuit ON/OFF as compared to said cornparator of 
said regulator circuit is con?gured so that it has a loWer 
current consumption than said cornparator of said regulator 
circuit. 

11. The circuit as set forth in any of the preceding claims 
Wherein it is an integrated circuit. 

12. The circuit as set forth in any of the preceding claims 
Wherein said cornparator of said circuit for signaling the 
regulator circuit ON/OFF consists of a MOS-FET con?g 
ured differential arnpli?er. 

13. The circuit as set forth in any of the preceding claims 
Wherein the voltage de?ned by said regulator circuit to 
Which said capacitor is charged is derived from said output 
voltage. 

14. The circuit as set forth in claim 13 Wherein said 
predetermined voltage amount is set by a resistor connected 
in series to said output voltage and said capacitor, this 
amount being dropped across said resistor in charging said 
capacitor. 

15. The circuit as set forth in any of the claims 1 to 12 
Wherein the voltage de?ned by said regulator circuit to 
Which said capacitor is charged is derived from said refer 
ence voltage generated by said reference voltage generator 
circuit. 

16. The circuit as set forth in any of the preceding claims 
Wherein said control circuit consists of a ?ip-?op. 

17. The circuit as set forth in any of the preceding claims 
Wherein said capacitor consists of a MOS-FET. 

18. The circuit as set forth in claim 17 Wherein a further 
capacitor likeWise consisting of a MOS-FET is provided 
Which carries said further voltage characteriZing said output 
voltage and is connected to said ?rst input of said cornpara 
tor of said circuit for signaling the regulator circuit ON/OFF. 

19. The circuit as set forth in any of the preceding claims 
Wherein said further voltage characteriZing said output volt 
age corresponds to said output voltage. 

20. The circuit as set forth in any of the preceding claims 
Wherein said signal for signaling said regulator circuit OFF 
is also used to signal said voltage conversion circuit OFF 
and said signal for signaling said regulator circuit ON is also 
used to signaling said voltage conversion circuit ON. 

21. The circuit as set forth in any of the preceding claims 
Wherein a delay circuit connected to said cornparator of said 
regulator circuit is provided. 
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22. The circuit as set forth in any of the preceding claims 24. A battery in Which a circuit as set forth in any of the 
Wherein it comprises a storage capacitor at its output. claims 1 to 22 is incorporated. 

23. A DC/DC converter comprising a circuit as set forth 
in any of the preceding claims. * * * * * 


